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1. INTRODUCTION
a. Description
The scope of this project is to compete in the ASME RC Baja event where Mechanical
Engineers demonstrate design, manufacturing, presentation, and racing skills. Specifically, this
report will cover the design, construction, and testing of the drivetrain, steering and suspension of
the RC Baja car.

b. Motivation
The need to apply students engineering skills to real world applications is key in
progressing Mechanical Engineering student’s skills. And to effectively apply these skills without
spending too much money, a mini-RC Baja car design and construction will test these skills that
Mechanical Engineers have.

c. Function Statement
The RC Baja car must be able to sustain its own weight on all four wheels when placed on
the ground. It must be able to navigate over smooth and rough terrain, including but not limited to
asphalt, gravel, mud, stairs, large rocks, and jumps.
Must be able to carry its own weight.
Free rolling in a straight line without steering input
Ascend an incline of 35 degrees.
Remote operated via radio signal

d. Requirements
The following list are requirements that the RC Baja car must be able to meet to compete.
• The cost of the RC Baja including cost of manufactured and bought parts must be under
$700.
• The car must be able to free roll in a straight line over 20 feet without steering input.
• The car must be able to withstand 1 foot drop to flat on all 4 wheels.
• The car must be operated via radio signal and have controls that are easy enough that
someone without experience can operate.
• The drivetrain of the car must be able to propel the car to a speed of at least 20 mph.
• Drivetrain must be able to propel the car up an incline of at lest 35 degrees.
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e. Engineering Merit
The need to apply engineering concepts cost effectively in college students made the need
for this competition. The skills taught in classes will be applied to the design of this car, including
material analysis, mechanical design, and machining capabilities. Analysis of design aspects will
be reviewed by MET Staff members.

f. Scope of Effort
The scope of this report is to include the drivetrain, steering and suspension of the RC Baja
car. The suspension of the RC Baja car will be a shared responsibility with other group members,
so information will be referenced to other reports.

g. Success Criteria
Success in this endeavor would mean at least the meeting of each the function statement
and requirement items. Completion (no DNF) for the competition of the ASME RC Baja event
will result in a success. Exceeding expectations would mean placement in top 5 of each category
of the competition.
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2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
The design for the Drivetrain was conceived by doing research for different methods of
propulsion. Two methods were either gas powered, or electric powered. Gas powered options were
great for top end power delivery, however with the limited amount of time and money available
for the design and construction process, it would be too expensive and too time costly. Electric
motors produce large amounts of torque at an instant, and are the package is small. Along with an
electric motor, the suspension that will support the car will be a mix of coil springs and leaf springs.

b. Design Description
The motor size that was decided to use was a 4300 KV motor, since it was the largest motor
that the ROAR rules have dictated. The coil suspension will be in the front, and the leaf spring will
be in the back. The coil suspension will allow more travel in the front which will absorb bumps
and drops more than leaf spring suspension. The rear will have leaf springs, which will allow room
for the driveshafts to drive the rear wheels. Leaf springs will have less overall travel than that of
coil springs, however they will be stiffer, which will allow power transfer from the motor to the
wheels to the ground to be more efficient.

c. Benchmark
Nearly all other senior projects that competed in the ASME RC Baja competition were
propelled by electric motors, and they all performed varyingly different. Since the previous year’s
cars will not be available for direct comparison, the car will have presumed descriptions to directly
compare the performance of the finished product. The intent of the car’s design, construction, and
testing will be to at least meet the required design parameters, and then improve on them as much
as possible.

d. Performance Predictions
Desired performance of the drivetrain is to have a top speed of 20 miles per hour over a
smooth surface. Over rough terrain a max speed of 15 miles per hour without flipping will be
excellent. Acceleration will vary based on grip on terrain, however the car must be able to
accelerate to top speed and then come to a dead stop within 40 yards or less. This means that both
the acceleration and deceleration must be equal. Coil suspension will be tested as the parts are
designed, and the coil rate along with the dampening can be adjusted to best fit the given terrain
that the car will travel on. For example, the spring rate will be higher when the car is driving on
asphalt specifically, and lower spring rate for rougher terrain.
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e. Description of Analysis
During the design stage of this project, the components of the car will be assumed to a
dimension that best fits the car’s shell. Spring rates on both the coil and leaf spring will be
determined by the weight of the car, the length of the control arm, and the geometry of the
mounting point of the upper and lower control arm to the suspension tower on the chassis.
Propulsion of the motor will dictate what material the driveshafts are going to be made from, along
with the weight of these different materials will be considered. Both solid axils or hollow axils
will be designed to see which option will have a lower weight, and a higher tensile strength.

f. Scope of Testing and Evaluation
The testing of the design will have to be theoretical because of the remote learning scenario.
These tests will determine the minimum dimension of each part, and how much bigger or larger
they are according to how strong it needs to be. Reference the failure mode analysis section to get
more details about how strong each part should be.

g. Analysis
The analysis of different material options is crucial in deciding which material is used in
each part of the assembly. Overall, the materials selected for analysis are Stainless steel, structural
steel, aluminum, ABS plastic and PLA plastic. These material properties can be found in Appendix
A-2, in the drawing titled General Material Analysis. The results of this background analysis of
materials are conclusive to specific material. One example is that Aluminum has a lower cost per
pound compared to steel, however the yield stress is higher. This means that using aluminum is
price effective if the design criteria of the structure’s integrity is met.
i. Analysis 1
The driveshaft analysis of a sample of length is needed for the decision on which material
it will be made of. The calculations can be found in the drawing titled Sample Driveshaft Stress
Analysis. The conclusion is that if a motor has an output of ¼ hp, and a maximum rpm of 75,000
the maximum sheer stress that this material undergoes is 85.6 psi. This helps determine what
material the driveshaft needs to be made of so that the material does not fail under loading.
ii. Analysis 2
An example of driveshaft has been provided to determine the amount of stress that the
material must endure under loading from the motor. This helps determine what the material the
driveshaft is going to be made from. The result is that ABS Plastic will be the best option for what
the driveshaft will be made from. It is the lightest material, along with being able to withstand the
stress of the motor. The resulting part drawing can be found in Appendix B in Figure B1.
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ii. Analysis 3
A sample of materials has been selected for review to compare them to each other. The
yield stress, hardness, elasticity, cost, and weight has been accounted for each material. The results
of these comparisons are that steel is the strongest, however it is the heaviest. Aluminum has a
lower cost per pound compared to steel, however the yield stress is higher. This means that using
aluminum is price effective if the design criteria of the structure’s integrity is met.
ii. Analysis 4
This analysis is to find the minimum inner diameter of a hallow driveshaft made from ABS
plastic. This was used to dimension how large the driveshaft needed to be to maintain a factor of
safety of at least 2. The outcome was that the inside diameter had to be no more than 2 mm given
the OD of 4 mm.
ii. Analysis 5
This analysis is to find the minimum outer diameter of a solid driveshaft made from 6061T6 Aluminum. This was used to dimension how large the driveshaft needed to be to maintain a
factor of safety of at least 2. The outcome was that the outside diameter had to be no more than 2
mm given the OD of 8 mm. This analysis can be found in appendix A-5.
ii. Analysis 6
This analysis is to find the minimum outer diameter of a solid driveshaft made from A36
Steel. This was used to dimension how large the driveshaft needed to be to maintain a factor of
safety of at least 2. The outcome was that the outside diameter had to be no more than 3 mm given
the OD of 8 mm. This analysis can be found in appendix A-6.
ii. Analysis 7
This analysis is to find the reaction forces applied to the wheels as the car is dropped from
2 feet of elevation. This is crucial in finding the amount of force being applied to the suspension
components as the car is being dropped. The findings of this analysis were that if the car is less
than 8 lbs. the force being applied to the wheels is close to 7 newtons. The full analysis and
calculations can be found in appendix A-7.
ii. Analysis 8
This analysis is to find the force that then suspension must apply to the control arms to
withstand a 2-foot drop to the car. This connects to analysis 7, which found the force being applied
to the wheels from said drop. The force that the suspension must apply is 19.95 N, which is more
than the force applied to the wheels from the drop test. This is because the force from the wheels
has more leverage than that of the suspension because the suspension force is being applied closer
to the pivot point of the control arm. The full analysis and calculations can be found in appendix
A-8.
ii. Analysis 9
This analysis is to find the amount of force that the axles can withstand before buckling
under normal loading. This will help define how much force the suspension can withstand before
breaking and will help find the weakest point in the assembly. This analysis can be found in
appendix A-9.
ii. Analysis 10
This analysis is to find if A36 steel is an acceptable material for the pins in the control
arms. This is found by analyzing the average sheer stress that is occurring in the pins under double
sheer. The analysis can be found in appendix A-10.
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h. Device: Parts, Shapes, and Conformation
The intent of the design is to be functional. The shapes of each of the parts is to be as
functional as possible. For example, the control arms house both the wheel hubs and the
suspension. The variation between the rear and the front control arms are little to ensure that the
construction of them is a streamlined as possible. The only parts that need to be machined are the
control arms, and the suspension tower/support. The rest of the parts can either be 3D printed or
made with hand tools. This allows the construction of these parts to be done more effectively. 3D
printed parts have close geometry to the parts that interact with them, which allow little to no
movement when assembled.

i. Device Assembly
The assembly of the car will be relatively easy. All the fasteners are going to be metric
size, and most of them are going to be the same size. This allows a single tool to be used when
building them. The components of the drivetrain can be removed from their mounting place, as
well as the suspension components.

j. Technical Risk Analysis
The components that have the most difficulty to be removed and replaced will have the
highest safety factor. This also includes the parts that are the most expensive, like the battery and
the motor. The control arms are also parts that must have a high safety factor. This is because they
are essential in keeping both the steering and the suspension components from failing.

10

3. METHODS & CONSTRUCTION
a. Methods
The conception, analysis and design of this project will be done remote to the CWU
campus. This means that limited resources are available, and lots of parts will be
outsourced/purchased. Drivetrain components were selected from the list of approved motors from
the ROAR Racing rules for 1/10th scale Radio Controlled cars, which rules can be found in the
references section of this proposal. The motor and ESC combination were selected to be the largest
possible sized motor to maximize total power output of the car. This will allow the car to have a
higher top speed, and acceleration along with being the most reliable. The differential that is used
is a previous differential provided by past projects that were donated to the school. This differential
is a limited slip differential, which will allow the car to handle better on flat surfaces but will limit
the capabilities while “crawling” or climbing slowly. The drivetrain will be rear-wheel drive,
which will maximize the car’s acceleration, and simplify the components in the car. If the car was
all-wheel drive, then two differentials would be needed, and the weight of the car would be
increased. Allowing the car to be rear wheel drive will enable the front of the car’s suspension to
have a higher travel in the suspension. The weight distribution of all the drivetrain will be as close
to the centerline of the vehicle as possible. This is so that as the vehicle is turning, and the weight
of the car is being transferred from side to side, this will minimize the load on the outside
suspension component. This also comes into effect when the car is accelerating or decelerating.
As the car accelerates or decelerates, the weight of the car will shift forward or backward, applying
force into the suspension components. The amount of force being applied to each suspension
component will increase as the location of the drivetrain components move farther away from the
center of the frame.
i. Process Decisions
The suspension of the car is different between the front and the rear. The front will have
coil spring suspension, which will allow more travel, along with softer reaction to compression
under traveling. This will allow the car to absorb any terrain elevation or surface changes. The rear
will have a leaf spring suspension, which will allow the rear of the car to be stiffer than the front.
Being stiffer in the rear means that power delivery from the drivetrain will transfer better from the
tires to the ground. The leaf springs will also allow the axles of the drivetrain to be connected from
the differential to the hubs. This means that the suspension support in the rear will be centerline to
the wheels, and control arms. The drivetrain will use a 4300 KV motor that is ROAR approved,
and the delivery of the power from the motor will be used by a differential that is from a previous
year’s car. This is because with the limited amount of time and resources that are available,
designing and constructing a differential is too time costly. The construction of the motor mount,
battery tray, and end link supports will be 3D printed. This will allow for any modifications to be
easily tested. The design of the suspension components will need to be made from the same sample
of material, so that the dimensions are similar. The issues with that are maximizing the available
material so that it will not be wasted.
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b. Construction
i. Description
The construction of the drivetrain is an ordered process that begins with the mounting of
the battery tray, and motor mount. Both are bolted directly to the frame. The motor is then placed
into the motor mount and bolted to place using 6 bolts by the shaft. Once mounted, the differential
is bolted onto the rear part of the frame including the driveshaft. The driveshaft must be put into
both the differential cup and the motor cup. After the differential is mounted, the axles can be
placed from the differential cups to the axle stub. The motor, ESC, Battery, and receiver are all
going to be wired previously to the assembly of the entire car. A wiring diagram of how these
items are connected can be found in appendix B.
The suspension of the car is more complicated than the Drivetrain. The hubs connecting the wheels
to the control arms are different between the front and the rear. The front has a spindle hub needed
to operate the steering. Both rear and front hubs will be connected by end links to enable
suspensions travel to be stable. The camber adjustment of the wheels will also be done with these
end links, allowing good ground contact with the wheels.
ii. Drawing Tree, Drawing ID’s
The drawing tree is a visual flow chart on how each part is related to each other in each
subsystem. This drawing tree can be found in Appendix B.
iii. Parts
Parts list for both constructed/manufactured parts can be found in Appendix C. The budget
and parts that are being purchased can be found in Appendix D.
iv. Manufacturing Issues
During a global pandemic, manufacturing of parts will be done in house at CWU. This
means that members of the team are responsible for the correct construction of part geometry. By
having individual team members manufacture parts themselves, this circumvents the process of
outsourcing other labor to manufacture the parts themselves. This makes the designers of the parts
responsible for creating the geometry needed for the parts individually. Parts that are going to be
3D printed, will be printed in house as well. However, test fitting parts like control arms, and motor
mounts will be made first in cheaper, weaker material just to test fit the geometry of the design.
This means that any needed revisions will be less expensive, so once the parts are finalized, they
will be printed out of the original material that is structurally needed. Specifically, for the design
of the control arms, there will be an extra part that is being made, since the available materials are
limited. The process for manufacturing the control arms will be to first saw them to the specific
length, then mill the features. This will take two operations, since there are indentations on once
face, as well as holes on another. This means that 4 sets of code will need to be written. This is
also because the rear control arms are different from the front control arms. Since there is a limited
number of material available to make the control arms, there will be an extra part for both the front
and rear control arms. This is so that when testing the code that will be written for the CNC
machine, in the contingency that the code needs to be revised, the given material will not be ruined.
The design of the suspension components will need to be made from the same sample of material,
so that the dimensions are similar. The issues with that are maximizing the available material so
that it will not be wasted.
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v. Discussion of Assembly
The assembly of the car will be done in the machine lab at CWU. Fasteners will be sourced
from local stores, using metric sizes only which will allow the assembly and disassembly of the
car to be done with minimal tooling. Drivetrain assembly will begin with the motor mount, then
motor, then driveshaft to the differential, then from the differential to the axles to the steering hubs.
Motor, Battery, and Servo mounts will be mounted from the bottom of the chassis through to the
top, which will allow the fasteners to be chamfered so that the underbody of the car is smooth.
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4. TESTING
a. Introduction
The testing of the car is crucial to compete in the ASME competition. These tests will be
derived from the requirements of the design. The requirements that are going to be tested are as
follows. The car must be able to free roll in a straight line over 50 feet without steering input. The
car must be able to withstand 2 feet drop to flat on all 4 wheels. The car must be operated via radio
signal and have controls that are easy enough that someone without experience can operate. The
drivetrain of the car must be able to propel the car to a speed of at least 20 mph.

b. Method/Approach
Speed test:
The car will be tested in its acceleration and deceleration performance. The test will occur
on level, even ground, most likely a parking lot. The car will be accelerated to top speed and will
be timed as it travels across a measured distance. This measured distance along with the time it
took to travel it will be used to calculate the speed of the car. This measurement will occur for
acceleration, top speed, and braking.
Slalom test:
The car will be tested in a slalom course, to test the setup of the suspension components.
This test will consist of weaving through cones placed at intervals and recording a head on view
of the car to observe the suspension travel. No recordings will take place; however, this test will
be used to optimize suspension setups for the most drivable experience.
Obstacle Course Test:
This test will consist of a pre-determined course of obstacles ranging from surface changes,
rock climbing/descending, and stairs to descend. The deliverable of this test will consist of a timer
which will record lap times. Other things that will result in this test will be the durability of
components of the car. Driver skills will also improve as testing occurs, because of the practice
and experience it provides to the driver.
Drop Test:
This test will test the suspension capabilities of the car. The deliverables of the test will be
videos of suspension travel, as well as a height reading. The car will be dropped from various
heights, and a recording on the ground will show how the suspension travel occurs.
Steering Test:
The steering test will be conducted so that the geometry of the steering system can be tested
to ensure its functionality and accuracy. This will also ensure that the design function of driving
in a straight line without any steering input. This will be done by placing tape on the ground in a
straight line, and the car will be driven overtop the tape. If the car’s tires cross the tape on either
right or left side, then the test would be considered a failure.
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Incline Test:
The incline test will test the capabilities of the drivetrain system, specifically the motor,
and differential. The car will drive up a series of inclines that will gradually increase until it passes
the incline of 25 degrees. This is so that it can complete the design requirement of driving up a 35degree slope. The inclines that will be tested will increase until the car is unable to drive up the
slope.

c. Test Procedure
Testing will occur around Hogue hall, as it has an open parking lot that is level and even.
Equipment needed for testing will be cones, measuring devices for distance, and timing devices.
Since the testing location that will occur is public, availability will be varying in usage, however
since most campus activities are closed, availability will increase. You can find a sample testing
procedure in Appendix G.

d. Deliverables
Deliverables of testing will be dependent on the test itself.
For the speed test, the deliverable will be a top speed, as well as a time. The top speed will
be calculated based on the time it takes after the car has reached top speed to travel over a given
distance. There will be multiple trials, and the trials will be averaged for a general top speed. The
testing will repeat on varying surfaces like tarmac and gravel. This will give a result of overall
speed over both surfaces individually.
For the slalom test, the car will be given a slalom course that it must complete. The car will
be timed as it completes the course. The deliverable for this test will be a time. There will be
multiple trials for consistency.
For the obstacle course test, the deliverable will be the same as the slalom test; multiple
trials over a given course.
The drop test will deliver an overall height for suspension to bottom out in the front. Also,
there will be videos taken as the car is dropped so that proof of suspension travel will be valid. The
1-foot drop test will be a pass/fail test and will be determined if any of the parts break after the
test.
The results of the first drop test were a failure. After dropping the car from a 1-foot
elevation, the front right and rear right control arms. The fractures occurred closest to the frame,
due to the thin material. Due to the failure, the control arms will be re printed in ABS material to
ensure the structural integrity of the part, so that it can pass the drop test.
The steering test will be conducted so that the geometry of the steering system can be tested
to ensure its functionality and accuracy. This will also ensure that the design function of driving
in a straight line without any steering input. This will be done by placing tape on the ground in a
straight line, and the car will be driven overtop the tape. If the car’s tires cross the tape on either
right or left side, then the test would be considered a failure. The testing procedure can be found
in appendix G.
The deliverable of the incline test will be either a pass or fail in terms of the design
requirement. Also, videos of the completion of each incline will be included in appendix G for
reference.
The spec sheet of testing can be found in appendix G.
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5. BUDGET
a. Parts
The total cost of the project must be less than $700. This budget is placed that high since the
car will be in one of the member's position after the class is completed. This ensures that the parts
that will last the longest can be purchased. The main parts that will be purchased are the Motor,
ESC and Battery. These components are the largest size that is allowed for the competition. Other
costs will be for smaller parts of the car such as wheels, steering hubs, toe arms, and body. The
following figure shows the budget so far, as well as part details.

b. Outsourcing
Costs of material will be included into the budget, as the frame, suspension tower and other
pieces will be manufactured. No actual outsourcing will be done for manufacturing parts, except
the 3D printed parts, which will be done by professors at the school. Material for the chassis,
suspension supports, and the control arms was found in the school’s supply of scrap material.

c. Labor
Costs of material will be included into the budget, as the frame, suspension tower and other
pieces will be manufactured. The labor cost will be free as the manufacturing and assembly will
be done by members of the team.

d. Estimated Total Project Cost
The total cost of the entire project must be less than $700. Since the purchasing of materials
and parts will be done by one single member, that one member will take ownership of the car once
the class is over. This means that the total cost of the project will be as close to the budget as
possible, ensuring quality project.

e. Funding Source
Since the purchasing of materials and parts will be done by one single member, that one
member will take ownership of the car once the class is over. Any funding from the school will be
the provision of previous project’s parts, and machine operation. This funding is not directly
supporting the cost of the project, yet it provides the ability of the manufacturing of the parts of
the project to the members of the team, instead of outsourcing them to other manufactures.
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6. Schedule
a. Design
The schedule can be found in Appendix E as figure E1. This figure includes each step along
the way of designing the entire project. It starts with the proposal, then outlines the construction
and building of the project, and is finished with the testing of the RC Baja car. The design schedule
includes each part of the proposal and design process. The duration that each aspect will occur has
been estimated and stated in figure E1 in Appendix E. How long each step will take has been
estimated for each aspect, and this dictates which part of the design is more president. The
approximation of how long each step will take has been estimated, and this will dictate which
aspect of the design process that will be completed first. The longest part of the design will be the
analysis portion. This is because multiple calculations are going to be needed to dictate the overall
shape of the design of the drivetrain, and other aspects of the car.

b. Construction
The construction and assembly of the car will be done all in the machine shop at CWU.
This includes any metal machining, assembly of bought parts, and fabrication. Since the
construction is in house, there is a limited amount of time that is available for the construction to
take place. A lab technician needs to be always present in the machine shop during construction,
which limits the amount of time available since he is only working part time. The frame will be
the first component that will be manufactured since the rest of the parts that will be made mate
directly to it. This component is also the largest and most complicated, so if problems arise, then
having time to fix them is crucial. The amount of time needed to construct the chassis, along with
the suspension components was less than the time taken on them. This is due to having to hand
cut, drill and tap all the features on the frame, as laser cutting it is not available to use in the
machine shop. The construction of the drivetrain was relatively easy, as most of the parts were
either purchased, or 3D printed. This meant that the time that was intended for the construction of
these parts was used to finish the chassis.

c. Testing
The testing of the car is crucial to compete in the ASME competition. These tests
will be derived from the requirements of the design. The requirements that are going to be tested
are as follows. The car must be able to free roll in a straight line over 50 feet without steering input.
The car must be able to withstand 2 feet drop to flat on all 4 wheels. The car must be operated via
radio signal and have controls that are easy enough that someone without experience can operate.
The drivetrain of the car must be able to propel the car to a speed of at least 15 mph. The first
testing that was conducted was the steering test, and the drop test. The steering test went first so
that the car’s functionality of steering could be ensured before other testing could occur, since the
steering function of the car was needed to be complete if the car were to complete the other testing.
The drop test was conducted so that the physical dexterity of the car could be test, as the car would
be tested later in the competition put on by ASME. The next test that was conducted was the second
drop test.
This is because the first drop test resulted in a failure, and thus facilitated the need to redesign,
construct, and assemble new parts that failed. Please see the testing report of the first drop test for
more details. The second drop test was a pass since none of the parts broke. Next, the car was
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tested for its drivetrain capabilities in the incline test. This was done to test the power of the motor,
as well as the differential. This was done on time and resulted in a pass for this test. The next test
that was completed was the speed test. This took longer than anticipated, since there was more
setup needed, as well as practice from the operator since the crashing of the car needed to be
avoided. The results of the test were a pass for the design requirement of a speed of 15 mph.
Overall, the testing that was done on the car was completed on time, as well as passing each
requirement. The order of the testing was done so that if any of the test’s failed, then time was
allowed for the car to be modified so that it would pass the test before moving on to the next test.
This ensured that the car was able to perform to the specification that were set in place in the design
requirements section of this report. Testing occurred around Hogue hall, as it had an open parking
lot that is level and even. Equipment needed for testing will be cones, measuring devices for
distance, and timing devices. Since the testing location that will occur is public, availability will
be varying in usage, however since most campus activities are closed, availability will increase.
Sample testing procedure can be found in Appendix G.
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7. Project Management
a. Human Resources
MET Faculty, Project Partner, and CWU student partners are human resources for this
project. These resources were essential in providing background knowledge and providing
feedback on the technical content of this report.

b. Physical Resources
3D Printer (Hogue), CNC Mill, Bridgeport Mill, Drill Press, Debur room, Hand tools, and
other machine shop basic tools are physical resources. These resources provided are essential in
the construction of the car. There has been a large portion of purchased parts in the car, however
construction of some things is needed to complete the final car. Hogue hall also housed where all
of the testing occurred, as well as any materials needed for said testing.

c. Soft Resources
Solidworks CAD, Microsoft Excel, Microsoft Word, and Microsoft Teams have been used
in the curation of this project. Solidworks has been used for the combination of purchased parts as
well as custom made parts. Microsoft Excel has been used to plan the schedule of the entire project
as well as create the Gantt Chart. Microsoft Word was used to create the project proposal.
Microsoft Teams was used to collaborate with others online.

d. Financial Resources
Personal finances, reused parts, and bulk material donations from the school are financial
resources for this project. The parts that were purchased were delivered, since the presence of a
pandemic limited going to stores. This made the cost a bit higher than expected due to delivery
cost.
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8. DISCUSSION
a. Design
The design for the Drivetrain was conceived by doing research for different methods of
propulsion. Two methods were either gas powered, or electric powered. Gas powered options were
great for top end power delivery, however with the limited amount of time and money available
for the design and construction process, it would be too expensive and too time costly. Electric
motors produce large amounts of torque at an instant, and are the package is small. The motor size
that was decided to use was a 4300 KV motor, since it was the largest motor that the ROAR rules
have dictated. Once the motor was selected, the battery was the next thing to choose. The decision
to go with a LiPo battery was that it has the highest consistent output of power, as opposed to other
types of batteries. Along with an electric motor, the suspension that will support the car will be a
mix of coil springs and leaf springs. The coil suspension will be in the front, and the leaf spring
will be in the back. The coil suspension will allow more travel in the front which will absorb bumps
and drops more than leaf spring suspension. The rear will have leaf springs, which will allow room
for the driveshafts to drive the rear wheels. Leaf springs will have less overall travel than that of
coil springs, however they will be stiffer, which will allow power transfer from the motor to the
wheels to the ground to be more efficient. Since coil suspension has been chosen for the front, the
availability of changing the stiffness of the springs will allow how the car handles on different
surfaces. For example, if the course that the car will traverse is hard packed, then a stiffer
suspension will minimize body roll, which will give the car more responsive acceleration and
steering input. However, if the course that the car will travers is loose and uneven, then a loser
suspension will optimize the car’s performance. This is because as the car travels across bumps,
the wheels will travel up and not be in contact with the ground. If the car’s suspension is stiff, then
it will cause the car’s body to roll, and thus losing contact surface with the ground as it travels
across bumpy ground. The Leaf spring suspension in the rear has been dictated by the design of
the drivetrain. Since the front of the car has more travel than the rear, the power delivery from the
motor to the tires to the ground will be more effective. In off road vehicles, nosedive is something
that needs to be mitigated. Having the front suspension higher than that of the rear will allow the
angle of attack of the chassis to be at its optimum position, which will eliminate the risk of
nosedive.
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b. Construction
The construction of the RC Baja car will be done all in the campus. This is including any
assembly, material modifications and testing. The construction of the parts on campus are all going
to be made from aluminum. The material that is being used is available material from the machine
shop at CWU. The material for the chassis will be used from scrap material, however there are
several tapped holes in the material that will not be used. They will be filled in by welding them,
and then ground down to a level surface. This will ensure that none of the tapped holes will be
mistaken and used instead of the ones made in construction. The Control arm pieces are bar
aluminum that fit the outside dimension of the control arm; however, the height is too tall. This
will mean an extra operation will be needed to mill the correct shape. The suspension tower, and
suspension support will be made from the same stock material. This will ensure that the thickness
of each part will be the same, as per the design. The features on the parts will be sawed by hand
and measured by a height gage. The plastic parts that will be 3D printed will be made in house.
This means that prototyping parts that will eventually be made of metal can be done. This ensures
that fitment between multiple parts will be successful. While looking for fasteners needed, the 4M
bolts that hold the control arm are not long enough, and there are not any custom bolts can be
bought and delivered. This was solved by buying a-meter-long threaded rod and cutting it to
length. Then a nut was TIG welded onto the end of it making it a bolt. While constructing the
frame, the thickness of the frame was an issue when drilling and tapping the holes for the control
arms. This was solved by making 8 inserts that go on both sides of the control arm that bolt directly
to the chassis. There are two types of inserts, one that has bolt holes on the side which will be how
it will be mounted to the frame. These inserts are through holes for the welded bolts. The other
type of inserts will be ones with bolt holes on the back of them. This is where they are fastened to
the frame, and they will also be threaded to hold the welded bolt. The need for two different types
of threaded rods is that there are features close to them that will interfere. For the control arms
themselves, they were intended on being made from aluminum to use the milling machine for
diversity in our design. However, during the construction, the bandsaw that was being used to cut
the parts to length failed and could not be used anymore. This means that the control arms could
not be milled out of aluminum. However, since we have the availability of 3D printing them, this
was how they ended up being made from. The stress calculations that were made for the control
arms were done assuming they would be made from ABS Plastic, and later decided to diversify
the construction methods by milling them out of aluminum. However, since the bandsaw used to
cut them at length is unusable, milling the material is impossible now. The frame itself was used
from scrap material from the school’s machine shop, which means that one side of the aluminum
was covered in a layer of used glue. The layer of glue would impede the process of cutting, drilling
and tapping the holes. To remove the layer of glue, the aluminum needed to be grinded down. This
was difficult since the grinding wheels that were available at the time were intended for raw metal.
Ideally a wire wheel was needed, however the only available abrasive wheels were from the
welding class. While cutting the outline of the frame, the cutouts needed for the control arms were
difficult to do, since a higher tolerance was needed for clearance. This was solved by cutting it
with material left to spare and grinding it down flat and test fitting it with a printed control arm.

c. Testing
The testing of the car is crucial to compete in the ASME competition. These tests will be derived
from the requirements of the design. The requirements that are going to be tested are as follows.
The car must be able to free roll in a straight line over 50 feet without steering input. The car must
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be able to withstand 2 feet drop to flat on all 4 wheels. The car must be operated via radio signal
and have controls that are easy enough that someone without experience can operate. The
drivetrain of the car must be able to propel the car to a speed of at least 20 mph. One of the tests
that will be completed is a speed test. During the speed test the car will be tested in its acceleration
and deceleration performance. The test will occur on level, even ground, most likely a parking lot.
The car will be accelerated to top speed and will be timed as it travels across a measured distance.
This measured distance along with the time it took to travel it will be used to calculate the speed
of the car. This measurement will occur for acceleration, top speed, and braking. Another test that
will occur will be the slalom test. The car will be tested in a slalom course, to test the setup of the
suspension components. This test will consist of weaving through cones placed at intervals and
recording a head on view of the car to observe the suspension travel. No recordings will take place;
however, this test will be used to optimize suspension setups for the most drivable experience.
Another test that will be conducted will be the obstacle course test. This test will consist of a predetermined course of obstacles ranging from surface changes, rock climbing/descending, and stairs
to descend. The deliverable of this test will consist of a timer which will record lap times. Other
things that will result in this test will be the durability of components of the car. Driver skills will
also improve as testing occurs, because of the practice and experience it provides to the driver.
One crucial test that will need to be completed is the drop test. This test will test the suspension
capabilities of the car. The deliverables of the test will be videos of suspension travel, as well as a
height reading. The car will be dropped from various heights, and a recording on the ground will
show how the suspension travel occurs. The steering test will be conducted so that the geometry
of the steering system can be tested to ensure its functionality and accuracy. This will also ensure
that the design function of driving in a straight line without any steering input. This will be done
by placing tape on the ground in a straight line, and the car will be driven overtop the tape. If the
car’s tires cross the tape on either right or left side, then the test would be considered a failure. The
final test that is being conducted is the incline test. This will test the drivetrain of the car. This will
be conducted by using a platform of plywood on a set of stairs and starting at a shallow incline and
driving the car up it. After the platform is on the first step, place it on the second step up and retest.
Keep increasing the incline until the car cannot drive up it.
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c. Test Procedure
Testing will occur around Hogue hall, as it has an open parking lot that is level and even.
Equipment needed for testing will be cones, measuring devices for distance, and timing devices.
Since the testing location that will occur is public, availability will be varying in usage, however
since most campus activities are closed, availability will increase. You can find a sample testing
procedure in appendix G. The steering test is the first test that was completed, and it resulted in a
pass. This was the first test because the steering test ensured the functionality of the car’s steering
capabilities. The second test that was completed was the drop test. This drop test resulted in a
failure because half of the control arms broke as a result in the collision to the ground. This means
that the part had to be redesigned to be stiffer to resist the impact. This resulted in the making of
the part again but in ABS material, since it was printed in PLA when it was tested.
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9. CONCLUSION
The Mini RC Baja car has been designed to execute the determined requirements that have
been listed in the requirements of the design. These requirements are meant to ensure the car’s
performance will be competitive for the annual ASME RC Baja car competition that takes place
at the end of each school year. The drivetrain of the car ensures that both the quality and durability
of each component. The completion of multiple speed tests will conclude that the drivetrain of the
car is sufficient. The suspension of both the front and the rear will work as intended of its design.
The front suspension will have more travel, and more adjustability which will allow the front of
the car to grip to the surface of the road as well as absorb any impacts made to the suspension.
These impacts will range from drops, to rolls and to collisions with stationary or dynamic objects.
The rear of the car will have less travel but have a stiffer response to displacement. This will allow
the delivery of the drivetrain to the rear wheels to be efficient when accelerating. After testing was
completed, the ASME RC Baja competition took place. After the drag test, slalom test, and the
off-road course was completed, the car completed in 2nd place out of 5. However, our car was the
only car that after the entire competition, was still fulling running without any breaking of any
parts. This means that in the competition it placed 2nd, however in the constructor’s championship,
it placed first overall with all other teams not finishing.
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APPENDIX A - Analysis
Appendix A-1 – Sample Driveshaft Stress Analysis
This drawing is the calculations of a sample length of driveshaft to determine the stress the
material undergoes.
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Appendix A-2 – Torque provided by the motor.
The motor selected is providing power from a battery to produce and will turn the driveshaft.
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Appendix A-3 – General Material Analysis
This drawing was the initial general material analysis which gave background property
comparison between each material selected.
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Appendix A-4 – Cross-sectional area of driveshaft
The torque on the driveshaft determines the cross-sectional area of the driveshaft for it to
withstand the force given by the motor.
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Appendix A-5 – Cross-sectional area of driveshaft (Al)
The torque on the driveshaft determines the cross-sectional area of the driveshaft for it to
withstand the force given by the motor.
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Appendix A-6 – Cross-sectional area of driveshaft (Steel)
The torque on the driveshaft determines the cross-sectional area of the driveshaft for it to
withstand the force given by the motor.
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Appendix A-7 – Force applied to wheels from drop test.
This diagram shows the analysis of the force applied to the wheels from a 2-foot drop test.
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Appendix A-8 – Force applied to control arms from suspension.
This diagram shows the analysis of the force applied to the control arms from the suspension
after a 2-foot drop.
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Appendix A-9 – Critical Buckling Load of Axle
This diagram shows the analysis of finding the critical buckling load of the axles.
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Appendix A-10 – Sheer stress of control arm pins
This diagram shows the analysis of finding sheer stress on the control arm pins.
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APPENDIX B - Drawings
Appendix B – Drawing Tree
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Appendix B – Sample Driveshaft ABS Plastic
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Appendix B – Driveshaft Steel 90mm 55-007
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Appendix B – Wiring Diagram
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Appendix B – Front Steering and Suspension
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Appendix B – Drivetrain Assembly 10-007
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Appendix B – Differential Assembly 10-001
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Appendix B – Differential U Cup 55-006
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Appendix B – End Link Assembly 10-007
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Appendix B – End Link Support 20-009
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Appendix B – Front Control Arm 20-003
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Appendix B – Front Steering Hub Left 55-014
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Appendix B – Motor 55-002
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Appendix B – Motor Mount 20-001
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Appendix B – Rear Control Arm 20-004
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Appendix B – Rear Hub 55-017

52

Appendix B – Servo Mount 20-005
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Appendix B – Steering Column Right 55-014
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Appendix B – Suspension Column 20-010
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APPENDIX C – Parts List and Costs
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APPENDIX D – Budget
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APPENDIX E - Schedule
Design:

Figure E 1

Construction:

Testing:
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APPENDIX G – Testing Reports
1. Drop Test Report
a. Introduction
The design requirements that will be tested are as following. The car must be able to
withstand 1feet drop to flat on all 4 wheels. The car must be able to propel the car to a speed of at
least 15 mph. The drivetrain must be able to propel the car up an incline of at least 35 degrees.
These requirements can be found in section 1d. The parameters of this test are either pass/fail based
on its criteria. These are found by taking visual observations of completion, and visible inspection
of parts. The schedule for when this testing will occur can be found in Appendix E.

b. Method/Approach:
How the test will be conducted is to test the physical durability of each part on the car.
This is done by dropping the car on all 4 wheels, so that the impact can test the strength of the
parts that have been designed, constructed, and assembled. The data that will be captured are
pictures of before and after the test result. The procedure sets up the test by taking pictures of the
device at multiple angles, measuring 1 foot off the ground, recording the test of dropping the car
from that measured height, then taking more pictures at the same angle as previously so that the
images can be compared. The accuracy of this test is how well the pictures can show the damage
that has occurred if any does. The data that has been recorded can be found in Appendix G3
with labeled figures.

c. Test Procedure:
This procedure documents the process of carrying out the 1-foot drop test for Mini RC Baja. The
RC Mini Baja car was designed by a team of 2 members, and almost all parts are designed and
constructed by this team. The dexterity of these parts is what is being tested in this procedure.
Time: This test can be conducted once finished components are constructed and assembled on
the car. The overall estimated time it will take to complete this test is less than 30 minutes long.
Place: Outside the machine shop in Hogue hall, on the linoleum floor. This provides a hard, level
surface that the car can be dropped from.
Required equipment includes:
• Fully assembled RC Car
• Device to take photographs and slow-motion videos.
• Platform that device for photography to stand on to record the testing.
• Measuring tape (standard units)
• Printed testing procedure
• Safety glasses
• Partner to help assist.
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Risk: The car must be powered down, and battery component un-plugged from the ESC.
Individuals that are testing must be wearing closed toed shoes, as a risk of dropping the device
on themselves is possible. Safety glasses are also required just in case of a failure of a part, and
debris is thrown.
The testing procedure is as follows:
1. Collect required equipment.
2. Go to Hogue Hall, outside the machine shop, and into the large assembly area.
3. Place all equipment on the ground until further notice.
4. Setup the platform that the device for photography to stand on to record the testing.
5. Visually inspect each component as follows and take pictures of each component.
a. Take picture of front steering assembly, including everything in the following
picture.

b. Take picture of front-end link support including everything in the following
picture.
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c.

Take picture of rear drivetrain, including everything in the following picture.

6. Place the device for taking pictures and videos on the platform and await to record.
7. Have one individual measure the height from the surface of the ground to 1 feet of
elevation.
a. Continue to hold that measurement so that another individual can continue the
procedure.
8. Start recording on device.
9. Holding the RC Car flat to the ground, elevate the car to the measurement that the other is
indicating (1ft off the ground).
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10. After reaching this height, release the car so that it travels towards the ground without
rotating, and have it land on all four of its wheels at the same time.
11. After the car has settled on the ground, go, and stop the recording on the device.
12. Playback the recording just taken and confirm that all 4 wheels of the car reach the
ground at the same time.
a. If the car’s wheels land at the same time, continue with the test procedure.
b. If the car’s wheels did not land at the same time, continue to step 12, and then
repeat steps 6-12
13. Repeat step 5, and retake photos post drop test.
The first drop test resulted in a failure. This is because the two right control arms broke at the
joint connecting them to the chassis. These images showing the failed parts can be found in
Appendix G3. After redesign of parts to be printed in ABS instead of PLA, the second test
resulted in a pass.

b. Deliverables:
□ Pass/fail on having no failure in any component in the car.
□ Video of valid drop test (reference step 12 in procedure for valid test criteria)
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2. Steering Test Report
a. Introduction
The design requirements that will be tested are as following. The car must be able to drive
in a straight line over 50 feet without any steering input from the transmitter. These requirements
can be found in section 1d. The parameters of this test are either pass/fail based on its criteria.
These are found by taking visual observations of completion, and visible inspection by vide. The
schedule for when this testing will occur can be found in Appendix E.

b. Method/Approach:
How the test will be conducted is to test the geometry of each part on the car. This is done
by driving the car over a straight line that, and then letting go of the controller as the car travels
over the line to see if the car can drive straight. The data that will be captured are videos of the
testing occurring so that it can be reviewed for completion. The procedure of the test is to place
blue tape on the ground at the set distance, then setting up the camera to record the testing, and
then driving the car over the tape with the tape between the wheelbases. The accuracy of this test
is how well the video can show the testing that has occurred. The data that has been recorded can
be found in Appendix G3 with labeled figures.

c. Test Procedure:
This procedure documents the process of carrying out the steering test for Mini RC Baja.
The overall estimated time it will take to complete this test is less than 30 minutes long.
Place: Outside the machine shop in Hogue hall, on the linoleum floor. This provides a hard, level
surface that the car can be tested.
Required equipment includes:
• Fully assembled RC Car
• Device to take photographs and slow-motion videos.
• Platform that device for photography to stand on to record the testing.
• Measuring tape (standard units)
• Blue Painters tape (2in wide)
• Printed testing procedure
• Safety glasses
Risk: The car will be powered and running, so failure of any part is at risk. Safety glasses are also
required just in case of a failure of a part, and/or debris is thrown.
The testing procedure is as follows:
14. Collect required equipment.
15. Go to Hogue Hall, outside the machine shop, and into the large assembly area.
16. Place all equipment on the ground until further notice.
17. Setup the platform that the device for photography to stand on to record the testing.
18. Place the device for taking pictures and videos on the platform and await to record.
19. Have one individual measure a straight line about the lines in the linoleum floor This will
give a reference for the operator to navigate to in step 9.
20. Power the RC car on and place it on the ground.
21. Start recording on device.
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22. Navigate the car so that both left wheels and both right wheels are on opposite sides of the
tape.
a. Driving the car as straight as possible before the tape will ensure that the car will
travel along the tape. This will ensure that before the car reaches the tape, it will
drive close to it for reference.
23. Once the car has reached the tape and is traveling at a constant speed (speed is
nondependent on this test), Let go of the controller with your right hand ensuring no
steering input is being sent to the car.
24. Once car has finished driving over the tape, stop the car and power it off.
25. Stop the recording on the device that has been recording since step 8.
26. Playback the recording just taken and confirm that all 4 wheels of the car have not crossed
the tape placed on the ground.
a. If the car’s wheels cross the tape, then go back to step 8 and repeat until successful
test.
27. If previous step is valid, then testing procedure is complete.

b. Deliverables:
□ Pass/fail on having no failure in any component in the car.
□ Pass/fail on having the car drive over the set distance in a straight line without any input
from the transmitter.
□ Video of valid steering test (reference step 13 for valid test criteria)
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APPENDIX H – Resume
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